Another approach, based on the bandgap engineering, has been also performed to lower the contact resistivities: the introduction of SiGe 
that C incorporation into the SiGe offers several advantageous effect, e.g. compensation of strain caused by the. SiGe-Si lattice mismatch, blocking the diffirsion of dopant impurities such as boron [4] , and the band offset produced at the conduction band edge. In this paper, we have focused on Ni/Si(C) and NilSiGeC systems on S(100) substrates and investigated the solid phase reactions which occur during silicidation annealing. Through the analysis for samples with various compositions, the effects of Ge and C on the structural and the electrical properties of Ni-silicide films have been examined.
2.Experimental
Substrates used \Mere p-type Si(100) wafers with resistivities of 0.8-1.2 O.cm. p*-Si1-*-rGe,Cy layers (x : 0-0.466, y : 0-0.012) with the thickness of about 300 nm were epito<ially grown on the substrate at 500-650'C by an ultraclean hot-wall low pressure chemical vapor deposition (LPCVD) system. A 20-nm-thick Ni frlm was deposited on the p'-Si1-*-rGe*C, layers at room temperature in an ultra+igh vacuum chamber with a base pressure below 1x 10-e Torr, followed by annealing at 350"4 for 30 min in the same chamber. Some samples were then annealed at 600-850"C for 30 sec in a nitrogen ahosphere as second-step annealing. X-ray diftaction (XRD) analysis, cross-sectional transmission electron microscopy (XTEM) were employed to reveal the crystallographic stucture and the film morphology. The sheet resistance of the film was measured by a linear four-point probe method. Devices and Materials, Nagoya, 2002, pp. 194-195 Influence of Ge and C for reaction in Ni/p"-Si1-*-yGe*Cylsi (100) 2(b) show XTEM images of Ni/p--Sig 522Ges.a66Csorz/Si samples after annealing at 350"C and RIA at 850'C, respectively. In Fig. 2(a) , a continuous poly-Ni(Si1-o-pGeoCB) film conformable to the p*-SiGeC layer is clearly observed. This film morphology was found to be drastic changed by 850"C-annealing, as shown in Fig.  2(b Figure 3 shows the relationship between lhe sheet resistance and the annealing temperature for a various types of Nilp+-gi1-*-rGe*CrlSi samples. In the samples with Ge, the sheet resistance gradually increases with the annealing temperature and reaches the value of substrate resistance after 85OC-annealing. From the XTEM result shown in Fig.   2(b) , it is likely that this sheet resistance increase was caused by the agglomeration of poly-Ni(Si1*-pGeoCp). Note that the value of sheet resistance keeps a low even after 750'C-annealing in the samples containing only C. Figure 4 shows a comparison between two film morphologies in a Niisi samples [2] and in the Nilp*-gioee6c000y'Si sample aftsr 7s0t-mn€aling. In the Ni/Si smple shown in Fig.  4(a) , agglomeration of the silicide and large roughness at the silicide/Si interface are clearly obseroed, resulting in the exposure of Si surfaces. On the other han4 the sample with C shown in Fig. 4(b) 
